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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To enhance the characteristic of a semiconductor device 
provided with a transistor which uses thin film polycrystalline silicon for 
a channel part. 

CONSTITUTION: A semiconductor device is provided with a transistor 
which is constituted of a gate electrode 2, a source-drain region 3 and a 
channel part 4. Dangling bonds are formed in the source-drain region 3 
and the channel part 4 which are formed of thin-film polycrystalline 
silicon; the characteristic of the transistor is deteriorated. In order to 
terminate the dangling bonds, hydrogen is diffused from a plasma nitride 
film 6; the hydrogen is introduced into the channel part 4. Since the 
hydrogen cannot pass the silicon nitride film 6, an opening part is formed 
in the silicon nitride film 6. The hydrogen reaches the channel part 4 
along the interface of a metal plug 9 which has been buried in the 
opening part. As a result, when the opening part is formed in the silicon 
nitride film 6, the dangling bonds are terminated. Thereby, the 
characteristic of the semiconductor device can be enhanced. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by carrying out opening of said silicon nitride in order to 
introduce into the channel section of said transistor the matter which cannot be equipped with the transistor 
which used the polycrystal semi-conductor thin film for the channel section, and the silicon nitride formed 
on said transistor, and cannot pass said silicon nitride. 

[Claim 2] The manufacture approach of the semiconductor device equipped with the process which forms 
the transistor which used the polycrystal semi-conductor thin film for the channel section, the process which 
forms a silicon nitride on said transistor, and the process which carries out opening of said silicon nitride in 
order to introduce the matter which cannot pass said silicon nitride to the channel section of said transistor. 
[Claim 3] The semiconductor device with which it has the transistor which used the polycrystal semi- 
conductor thin film for the channel section, the silicon nitride formed on said transistor, and the contact hole 
which penetrates said silicon nitride, and said silicon nitride has the hole where an opening dimension is 
larger than said contact hole as a hole for said contact holes. 

[Claim 4] The manufacture approach of the semiconductor device equipped with the process which forms 
the transistor which has the channel of a polycrystal semi-conductor thin film, the process which forms a 
silicon nitride on said transistor, the process which carries out opening of the contact hole which penetrates 
said silicon nitride, and the process which extends the opening dimension of said silicon nitride part of said 
contact hole. 

[Claim 5] The semiconductor device with which it was formed on the transistor which used the polycrystal 
semi-conductor thin film for the channel section, and said transistor, and the part was equipped with the 
porous silicon nitride at least. 

[Claim 6] The manufacture approach of the semiconductor device equipped with the process which forms 
the transistor which has the channel of a polycrystal semi-conductor thin film, the process which forms a 
silicon nitride on said transistor, and the process which makes porous said a part of silicon nitride at least. 
[Claim 7] The semiconductor device equipped with the 1 st film which was formed on the transistor which 
used the polycrystal semi-conductor thin film for the channel section, and said transistor, and was just 
charged, the insulator layer which is formed on said 1st film and has not been charged, and the 2nd film 
which was formed on said insulator layer and charged in negative. 

[Claim 8] The manufacture approach of the semiconductor device equipped with the process which forms 
the transistor which has the channel of a polycrystal semi-conductor thin film, the process which deposits 
the 1st film charged in negative on said transistor, the process which forms the insulator layer which has not 
been charged on said 1st film, and the process which deposits the 2nd just charged film on said insulator 
layer. 

[Claim 9] The semiconductor device equipped with the transistor which used the polycrystal semi-conductor 
thin film for the channel section, the field containing many hydrogen formed on said transistor, and the 
silicon nitride formed on said field. 

[Claim 10] The manufacture approach of the semiconductor device equipped with the process which forms 
the transistor which has the channel of a polycrystal semi-conductor thin film, the process which forms a 
field with many hydrogen contents on said transistor, and the process which forms a silicon nitride on said 
field. 

[Claim 11] The manufacture approach of the semiconductor device according to claim 10 characterized by 
the process which forms a field with many contents of said hydrogen including the process which pours in 
hydrogen through said silicon nitride. 

[Claim 12] The manufacture approach of the semiconductor device according to claim 10 characterized by 
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the process which forms a field with many contents of said hydrogen including the process which deposits 
the film with many contents of hydrogen on said transistor. 

[Claim 13] The semiconductor device characterized by having the transistor which used the polycrystal 
semi-conductor thin film for the channel section, and the silicon nitride formed on said transistor, and 
forming the pattern of said silicon nitride in the configuration of the same request as the channel pattern of 
said transistor. 

[Claim 14] The manufacture approach of the semiconductor device equipped with the process which forms 
the polycrystal semi-conductor thin film used for the channel of a transistor, the process which deposits a 
silicon nitride on said polycrystal semi-conductor thin film, and the process which carries out patterning of 
said silicon nitride to the pattern of the same request as said polycrystal semi-conductor thin film. 
[Claim 15] The manufacture approach of the semiconductor device equipped with the process which makes 
it thin and makes this polycrystal semi-conductor film desired thickness by oxidizing said polycrystal semi- 
conductor film of said transistor while reducing the level difference of said silicon oxide by heat-treating in 
the ambient atmosphere of the process which deposits thickly the polycrystal semi-conductor film used for 
the channel of a transistor, the process which deposits the silicon oxide containing an impurity on said 
transistor, and the molecule containing an OH radical. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the technique and its manufacture approach for the 
property improvement of a transistor which especially has thin film polycrystalline silicon etc. in the 
channel section about transistors, such as a thin film transistor used for the memory cell of static memory 
etc. 
[0002] 

[Description of the Prior Art] The conventional semiconductor device containing a thin film polycrystal 
silicon transistor (henceforth Thin Film TransistoriTFT) is explained. In SRAM to which current and high 
integration progress, in order to realize a current (or it is called low standby current) in small area at the time 
of low standby, the memory cell (henceforth a perfect CMOS mold memory cell) which accumulated the P 
channel MOS thin film polycrystal silicon transistor (henceforth PMOS-TFT) on the N-channel metal oxide 
semiconductor transistor is demanded. For example, the standby current Isb of the CMOS type low 
consumption SRAM using TFT is OFF state current Ioff of TFT. It is determined, if 1 M bit SRAM is taken 
for an example ~ Isb=Ioff xl06 it is ~ 4 M bit SRAM — Isb=Ioff x4xl06 it is . Thus, standby current Isb 
becomes the value which doubled the OFF state current of TFT the number of memory cells. Therefore, 
TFT1 piece 1 piece OFF state current Ioff By decreasing, the standby current Isb of the whole SRAM is 
greatly reducible. 

[0003] The cause of generating of this OFF state current of TFT is considered to be a generating current 
within the depletion layer between a drain and a channel. This generating current originates in the trap level 
in the grain boundary of polycrystalline silicon, or the defect in crystal grain. Therefore, one method of 
reducing the OFF state current of TFT using polycrystalline silicon is carrying out termination of the 
dangling bond which forms this trap level by hydrogen etc. By it, the trap level in a band gap can decrease 
and a generating current, i.e., the OFF state current of TFT, can be reduced through a trap. Although the 
approach of depositing a plasma nitride is common as the approach of hydrogenation after forming 
aluminum wiring, the effectiveness of hydrogenation can be acquired also by the approach of pouring in a 
hydrogen ion, and the method of annealing in the hydrogen plasma. A plasma nitride is a nitride formed by 
the plasma-CVD method here. 

[0004] Moreover, since it can expect to coincidence that a level difference becomes high absolutely and the 
aspect ratio of a contact hole becomes high in a submicron device at it, a plug technique is becoming 
indispensable. Therefore, when flattening of an interlayer film is needed and it uses the wet reflow of an 
oxide film for flattening, a silicon nitride is prepared as an OH radical stopper. The structure of the memory 
cell of mass SRAM which makes such a plug technique indispensable is described. 

[0005] The conventional semiconductor device containing TFT is explained using drawing 5 R> 5. Drawing 
5 is the sectional view having shown a part of structure of SRAM containing TFT. The gate electrode of 
TFT used in drawing as a load of the memory cell which formed 1 by the single crystal silicon substrate, and 
formed 2 with polycrystalline silicon, The gate electrode of another TFT used as a load of the memory cell 
which formed 2a with polycrystalline silicon, As for the source drain field of TFT which formed 3 with thin 
film polycrystalline silicon, the channel of TFT in which 4 was formed with thin film polycrystalline silicon, 
the gate oxide that formed 5 with the CVD method, and 6, a silicon nitride and 7 are aluminum interlayer 
oxide films. 

[0006] In order to manufacture this semiconductor device, after forming N-channel metal oxide 
semiconductor-FET etc. on single crystal silicon 1, gate electrode 2of gate electrode [ of TFT ] 2 and 
another TFT a is formed with polycrystalline silicon through an interlayer insulation film. 
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[0007] next, the reduced pressure CVD (Chemical Vapour Deposition ) — law — the silicon oxide 5 for gate 
oxide — for example, the 2nd layer polycrystalline silicon 3 and 4 which deposits 40nm, then works as an 
active object — for example, 30nm is deposited. 

[0008] In this condition, by the photolithography method, it leaves a resist to the field 4 which should serve 
as a channel, and the ion implantation for source drains is performed. Then, by heat-treating, an ion kind is 
activated, the source drain field 3 is formed, and TFT is constituted. 

[0009] Furthermore, after depositing an interlayer insulation film, lOOnrn of silicon nitrides 6 for OH radical 
stoppers is deposited, for example. After depositing the oxide film 7 with which the impurity was added on 
it, flattening of the front face is carried out by heat-treating in a wet ambient atmosphere. 
[0010] Then, although not shown in drawing, it is carried out for connection with aluminum wiring with 
which the process which carries out opening of the oxide film 7 and the silicon nitride 6 which carried out 
flattening, and the process which embeds a plug are formed in the upper layer. 

[001 1] Next, diffusion of the hydrogen of the conventional semiconductor device is explained using drawing 
6 and drawing 7 . Drawing 6 is the sectional view of the TFT circumference of the conventional 
semiconductor device, drawing 6 and drawing 7 — setting — 31 — a substrate and 32 ~ for the source of 
TFT, and 35, as for the nitride between layers, and 37, the drain of TFT and 36 are [ an oxide film and 33 / 
the gate of TFT, and 34 / a contact hole and 41 ] titanium night RAIDO and the interlayer film (flat film) to 
which a plasma nitride and 50 were carried out by the diffusion path of the hydrogen from a plasma nitride, 
and flattening of 54 was carried out [ 42 / a tungsten plug and 43 ] for aluminum wiring and 44 by the wet 
reflow. Since the hydrogen in a plasma nitride reaches a thin film transistor through the diffusion path 50 in 
drawing 6 and hydrogenates TFT when depositing the plasma nitride 54, TFT with the small OFF state 
current can be made. 

[0012] The wet reflow to which about 1 micrometer of oxide films including many boron, Lynn, etc. is 
deposited on as the approach of flattening, and a reflow of the heat treatment is added and carried out in a 
steam at about 700 to 1000 degrees C although flattening of the lower layer film is important for open- 
circuit prevention of aluminum wiring is oxygen 02. Nitrogen N2 Compared with heat treatment in an 
ambient atmosphere, the reflow effectiveness is large. However, when applying this wet reflow method to 
interlayer film flattening of SRAM using TFT, the OH radical contained in the ambient atmosphere at the 
time of a wet reflow oxidizes TFT, and there is a problem that that channel field will disappear. Then, the 
nitride (nitride 36 between layers) which does not let an OH radical pass was inserted between oxide films 
and TFT(s) including many boron, Lynn, etc., and oxidation of TFT is prevented. The nitride 36 between 
this layer is formed with a reduced pressure CVD method (henceforth the LPCVD method) at the 
temperature of about 780 degrees C. Excluding hydrogen, since membraneous quality is precise, the 
diffusion coefficient of hydrogen of the nitride by the LPCVD method is also very small. A plasma nitride 
emits many hydrogen for hydrogen by heat treatment after an implication conversely. 
[0013] However, a new problem arises by having used the nitride 36 between layers here. In order that the 
nitride 36 between layers may also bar diffusion of the hydrogen in the plasma nitride 44, it cannot decrease 
effectiveness of hydrogenation over TFT remarkably, cannot end the dangling bond of the channel section 
of TFT, but it not only does not let an OH radical pass, but causes the problem of making the OFF state 
current increase. Our wholeheartedly research shows that hydrogen hardly penetrates even the nitride 
between [ of about 200A ] layers. Hydrogen can be given to TFT only from the hole of the nitride 36 
between layers which was able to be made in coincidence (path 50 in drawing 7 ), when carrying out 
opening of the contact hole 37 of drawing 7 . 
[0014] 

[Problem(s) to be Solved by the Invention] The thin film polycrystalline silicon used for the channel section 
and the source drain field of TFT contains many dangling bonds. By making this dangling bond end, it is 
known that an ON state current property will be improved by the OFF state current property list among the 
properties of TFT. As an approach of making a dangling bond ending, after an aluminum wiring process is 
completed, the hydrogen contained about about ten% in the plasma nitride used for the passivation film is 
diffused, and the conclusion may be performed. 

[0015] However, since the conventional semiconductor memory is constituted as mentioned above, it serves 
as structure which a silicon nitride deposits on the* upper layer of PMOS-TFT used as a load. And a silicon 
nitride with precise structure blocks diffusion of hydrogen, and hydrogen is prevented from reaching the 
channel section of TFT. For this reason, the dangling bond of TFT could not be ended by hydrogen, but 
there was a trouble that the property of TFT could not be raised. 

[0016] Without extinguishing the channel section of TFT using a polycrystal semi-conductor by oxidization 
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by an OH radical etc., in case it was made in order to cancel the above troubles, and flattening of the 
interlayer film is carried out by the wet reflow, by aiming at diffusion of the matter required for the 
conclusion of a dangling bond of TFT(s), such as hydrogen diffusion, this invention aims at improving the 
property of TFT, and aims at offering still such a manufacture approach of TFT. 
[0017] 

[Means for Solving the Problem] The 1st mode of the semiconductor device concerning this invention is 
equipped with the transistor which used the polycrystal semi-conductor thin film for the channel section, and 
the silicon nitride formed on said transistor, is constituted, and it is characterized by carrying out opening of 
said silicon nitride in order to introduce into the channel section of said transistor the matter which cannot 
pass said silicon nitride. 

[0018] The 1st mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the transistor which used the polycrystal semi-conductor thin film 
for the channel section, the process which forms a silicon nitride on said transistor, and the process which 
carries out opening to said silicon nitride in order to introduce the matter which cannot pass said silicon 
nitride to the channel section of said transistor, and is constituted. 

[0019] The 2nd mode of the semiconductor device concerning this invention is equipped with the transistor 
which used the polycrystal semi-conductor thin film for the channel section, the silicon nitride formed on 
said transistor, and the contact hole which penetrates said silicon nitride, and it is constituted so that said 
silicon nitride may have the hole where an opening dimension is larger than said contact hole as a hole for 
said contact holes. 

[0020] The 2nd mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the transistor which has the channel of a polycrystal semi-conductor 
thin film, the process which forms a silicon nitride on said transistor, the process which carries out opening 
of the contact hole which penetrates said silicon nitride, and the process which extends the opening 
dimension of said silicon nitride part of said contact hole, and is constituted. 

[0021] The 3rd mode of the semiconductor device concerning this invention is formed on the transistor 
which used the polycrystal semi-conductor thin film for the channel section, and said transistor, and at least, 
that part is equipped with a porous silicon nitride, and it is constituted. 

[0022] The 3rd mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the transistor which has the channel of a polycrystal semi-conductor 
thin film, the process which forms a silicon nitride on said transistor, and the process which makes porous 
said a part of silicon nitride at least, and is constituted. 

[0023] The 4th mode of the semiconductor device concerning this invention is formed on the transistor 
which used the polycrystal semi-conductor thin film for the channel section, and said transistor, is equipped 
with the 1st just charged film, the insulator layer which is formed on said 1st film and has not been charged, 
and the 2nd film which was formed on said insulator layer and charged in negative, and is constituted. 
[0024] The 4th mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the transistor which has the channel of a polycrystal semi-conductor 
thin film, the process which deposits the 1 st film charged in negative on said transistor, the process which 
form the insulator layer which has not been charged on said 1st film, and the process which deposit the 2nd 
just charged film on said insulator layer, and is constituted. 

[0025] The 5th mode of the semiconductor device concerning this invention is equipped with the transistor 
which used the polycrystal semi-conductor thin film for the channel section, the field containing many 
hydrogen formed on said transistor, and the silicon nitride formed on said field, and is constituted. 
[0026] The 5th mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the transistor which has the channel of a polycrystal semi-conductor 
thin film, the process which forms a field with many hydrogen contents on said transistor, and the process 
which forms a silicon nitride on said field, and is constituted. 

[0027] The 6th mode of the manufacture approach of the semiconductor device concerning this invention is 
characterized by the process which forms a field with many contents of said hydrogen including the process 
which pours in hydrogen through said silicon nitride. 

[0028] The 7th mode of the manufacture approach of the semiconductor device concerning this invention is 
characterized by the process which forms a field with many contents of said hydrogen including the process 
which deposits the film with many contents of hydrogen on said transistor. 

[0029] The 6th mode of the semiconductor device concerning this invention is equipped with the transistor 
which used the polycrystal semi-conductor thin film for the channel section, and the silicon nitride formed 
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on said transistor, and is characterized by forming the pattern of said silicon nitride in the configuration of 
the same request as the channel pattern of said transistor. 

[0030] The 8th mode of the manufacture approach of the semiconductor device concerning this invention is 
equipped with the process which forms the polycrystal semi-conductor thin film used for the channel of a 
transistor, the process which deposits a silicon nitride on said polycrystal semi-conductor thin film, and the 
process which carries out patterning of said silicon nitride to the pattern of the same request as said 
polycrystal semi-conductor thin film, and is constituted. 

[0031] The 9th mode of the manufacture approach of the semiconductor device concerning this invention 
The process which deposits thickly the polycrystal semi-conductor film used for the channel of a transistor, 
The process which deposits the silicon oxide containing an impurity on said transistor, While reducing the 
level difference of said silicon oxide by heat-treating in the ambient atmosphere of the molecule containing 
an OH radical, by oxidizing said polycrystal semi-conductor film of said transistor, it has the process which 
makes it thin and makes this polycrystal semi-conductor film desired thickness, and is constituted. 
[0032] 

[Function] The semiconductor device by this invention sets like the 1st voice. Since it is characterized by 
carrying out opening of said silicon nitride in order to introduce into the channel section of said transistor 
the matter which cannot pass the silicon nitride formed on the transistor using a polycrystal semi-conductor 
thin film The matter for ending the dangling bond which the transistor has can be introduced to the channel 
section of a transistor through opening, and the dangling bond which the transistor has can be made to end 
easily. 

[0033] The manufacture approach of the semiconductor device by this invention sets like the 1st voice, since 
the matter which cannot pass a silicon nitride to the channel section of a transistor is introduced, it has the 
process which carries out opening to said silicon nitride, and is constituted, and the dangling bond which 
introduces hydrogen to the channel section of a transistor and the transistor has from opening can be ended 
easily. 

[0034] Since the silicon nitride [ like ] has the hole where an opening dimension is larger than a contact hole 
the 2nd voice, it can let this hole pass, the matter for ending the dangling bond of the semiconductor device 
by this invention which the transistor has can be easily introduced to the channel section of a transistor, and 
a dangling bond can be made to end. 

[0035] The matter for being able to form a big hole in a silicon nitride easily, for example, ending a dangling 
bond from this hole can be introduced, and the dangling bond which the transistor has can be made to end 
by the manufacture approach of the semiconductor device by this invention setting like the 2nd voice, and 
performing the process which extends the opening dimension of the silicon nitride part of a contact hole 
after the process of a wet reflow, for example. 

[0036] The matter for a part of silicon nitride [ like ] being in the porous condition the 3rd voice, and ending 
the dangling bond of a transistor through a porous part of the semiconductor device by this invention can be 
introduced to the channel section of a transistor, and the dangling bond which the transistor has can be made 
to end. 

[0037] The matter for ending the dangling bond which lets a part of silicon nitride which became porous 
pass, for example, the transistor has can be introduced to the channel section of a transistor, and the dangling 
bond which the transistor has can be made to end by the manufacture approach of the semiconductor device 
by this invention setting like the 3rd voice, and performing the process which makes a part of silicon nitride 
porous at least after the process of a wet reflow, for example. 

[0038] By the electric field formed with the 1st film of the semiconductor device by this invention charged 
in forward [ like ] the 4th voice, and the 2nd film charged in negative It prevents that an OH radical with the 
negative charge which oxidizes a polycrystal semi-conductor invades into a transistor side from these film. 
And the matter (for example, hydrogen ion etc.) for ending a dangling bond can be introduced through the 
1st and 2nd film, and can end the dangling bond which the transistor has. 

[0039] The manufacture approach of the semiconductor device by this invention sets like the 4th voice. 
According to the process which deposits on a transistor the 1 st film charged in negative, the process which 
forms the 1st insulator layer which has not been charged on the 1st film, and the process which deposits the 
2nd just charged film on the 1st insulator layer Since the 1st film charged in negative and the 2nd just 
charged film are deposited on a transistor The matter for ending a dangling bond, while preventing that the 
OH radical which has negative charge reaches the channel section of a transistor after forming the 1 st and 
2nd film can be introduced through these film. The dangling bond which the transistor has can be ended. 
[0040] Since the field of the semiconductor device by this invention which contains many hydrogen [ like ] 
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the 5th voice is formed between the silicon nitride and the transistor, it can end the dangling bond in which 
the transistor has that the channel section of a transistor oxidizes, for example at the time of a wet reflow by 
the hydrogen which prevented by the silicon nitride and was diffused from said field. 
[0041] The dangling bond which prevents being able to form a field with many contents of hydrogen 
between a silicon nitride and a transistor, for example, the channel section of a transistor oxidizing at the 
time of a wet reflow by the silicon nitride, and is made to diffuse hydrogen from said field, and the transistor 
has can be ended according to the process which the manufacture approach of the semiconductor device by 
this invention sets like the 5th voice, and forms a field with many hydrogen contents on a transistor. 
[0042] The manufacture approach of the semiconductor device by this invention sets like the 6th voice, 
according to the process which pours in hydrogen through a silicon nitride, after silicon nitride formation, 
impregnation of hydrogen can be performed to a desired field and a field with many contents of hydrogen 
can be efficiently formed between a silicon nitride and a transistor. 

[0043] The manufacture approach of the semiconductor device by this invention sets like the 7th voice, and 
after formation of a transistor, before depositing a silicon nitride, a field with many contents of hydrogen 
can be easily formed between a silicon nitride and a transistor by depositing the film with many contents of 
hydrogen. 

[0044] Since patterning of the pattern of a silicon nitride [ like ] is carried out to the same configuration as 
the channel pattern of a transistor, while it prevents oxidation by the wet reflow of the semiconductor device 
by this invention which happens, for example in respect of the channel table of a transistor the 6th voice, the 
matter for ending dangling bonds, such as hydrogen, from the part which is not covered with a silicon nitride 
can be introduced, and the dangling bond which the transistor of the channel section of a transistor has can 
be ended. 

[0045] The manufacture approach of the semiconductor device by this invention sets like the 8th voice, and 
while the same silicon nitride as the pattern of a polycrystal semi-conductor thin film can form easily and 
protects a polycrystal semi-conductor thin film from the oxidization at the time of a wet reflow by this 
silicon nitride, the matter for ending a dangling bond from the part which is not covered with a silicon 
nitride can be easily introduced to the channel section of a transistor. 

[0046] Since the manufacture approach of the semiconductor device by this invention set like the 9th voice, 
it counted upon decreasing by oxidization and the polycrystal semi-conductor is deposited thickly 
beforehand, it is not necessary to form the film for protecting the polycrystal semi-conductor of the channel 
section of a transistor on a transistor, and since there is no film (silicon nitride etc.) to protect, a dangling 
bond can also be made to end easily. 
[0047] 

[Example] Hereafter, the 1 st example of this invention is explained using drawing 1 . Drawing 1 is the 
sectional view showing a part of memory cell of SRAM by this invention. The gate electrode of TFT which 
constitutes the load of the memory cell which formed 1 by the single crystal silicon substrate, and formed 2 
with polycrystalline silicon in drawing, 2a is the gate electrode of another [ which constitutes the load of a 
memory cell ] TFT, and is formed with polycrystalline silicon. The source drain field of TFT which formed 
3 with thin film polycrystalline silicon, As for a silicon nitride and 7, the channel of TFT in which 4 was 
formed with thin film polycrystalline silicon, the gate oxide which formed 5 with the CVD method, and 6 
are [ an aluminum interlayer oxide film and 8 ] the holes of opening of the aluminum interlayer oxide film 7 
and the silicon nitride 6. 

[0048] Hereafter, a production process is explained. After forming N-channel metal oxide semiconductor 
FET etc. on single crystal silicon 1, gate electrode 2of gate electrode [ of TFT ] 2 and another TFT a is 
formed with polycrystalline silicon through an interlayer insulation film. 

[0049] next, the reduced pressure CVD (Cemical Vapour Deposition) — law — the silicon oxide 5 for gate 
oxide — for example, the 2nd layer polycrystalline silicon 3 and 4 which deposits 40nm, then works as an 
active object — for example, 30nm is deposited. 

[0050] In this condition, by the photolithography method, it leaves a resist to the field 4 which should serve 
as a channel, and the ion implantation for source drains is performed. Then, by heat-treating, an ion kind is 
activated, the source drain field 3 is formed, and TFT is constituted. 

[0051] Furthermore, after depositing an interlayer insulation film, lOOnm of silicon nitrides 6 for OH radical 
stoppers is deposited, for example. After depositing the oxide film 7 with which the impurity was added on 
it, flattening of the front face is carried out by heat-treating in a wet ambient atmosphere. 
[0052] Here, opening of the silicon nitride 6 and oxide film 7 of the contact section upper layer of gate 
electrode 2a and the thin film polycrystalline silicon 3 is carried out, and a hole 8 is opened in the silicon 
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nitride 6 for OH radical stoppers. Generally, the location which carries out opening of the hole 8 is near 
[ which can introduce hydrogen into the CHANE section 4 of TFT ] the TFT, and is a place which does not 
have a bad influence on a substrate and the upper layer. If it takes into consideration introducing hydrogen 
into the channel section 4 of TFT, as for the silicon nitride 6, it is desirable to carry out opening right above 
the channel section 4. However, in case opening of the silicon nitride 6 is carried out by etching, since 
possibility of damaging the channel section 4 of TFT is large, it is desirable [ it is difficult to control the 
depth of etching, and ] to carry out opening of the silicon nitride 6 of the upper part of the thin film 
polycrystalline silicon 3 to gate electrode 2a. By carrying out like this, gate electrode 2a and the thin film 
polycrystalline silicon 3 can also be used as a stopper of etching, and manufacture of equipment becomes 
easy. 

[0053] Then, although not shown in drawing, the process which carries out opening of the oxide film 7 and 
the silicon nitride 6 which carried out flattening, and the process which embeds a plug double, and it is 
carried out for [ for flattening ] connection with aluminum wiring formed in the upper layer. A tungsten plug 
is formed in a hole 8 at this time. Finally, the passivation film is formed on these. And when forming the 
passivation film, substrate temperature is about 350 degrees C, and the hydrogen contained in the 
passivation film by this heat diffuses it, it passes along a hole 8, and arrives at the channel section 4 and the 
source drain field 3 of****** and TFT in the interface of the tungsten plug formed in the hole 8. And by 
this, the dangling bond contained to the channel section 4 and the source drain field 3 of TFT can be ended, 
and the property of TFT can be improved. 

[0054] In the above-mentioned example, after carrying out opening of the hole 8, the tungsten plug was 
embedded, but after carrying out opening of the hole 8, you may also embed an oxide film in a hole 8 for 
flattening. 

[0055] Next, the 2nd example is explained using drawin g 2 . Drawing 2 is the sectional view showing a part 
of memory cell of SRAM by this invention. In drawing 2 , the same sign as drawing 1 R> 1 of the hole 
where the metal plug carried out 9 and the silicon nitride 6, the aluminum interlayer oxide film 7, and the 
thin film polycrystalline silicon 3 carried out opening of 10, and others shows the same contents as drawing 
1 . The point that the 1st example shown in drawing 1 differs from the 2nd example shown in drawing 2 is 
as follows. 

[0056] First, after the semiconductor device in drawing 1 formed the contact pattern using the 
photolithography method, it carried out opening of the gate oxide 5 between gate electrode 2a and the source 
drain field 3 by etching, and had taken contact. 

[0057] After deleting the process at which the semiconductor device in drawing 2 forms contact between 
gate electrode 2a and the source drain field 3 compared with it and forming the aluminum interlayer oxide 
film 7 ( drawing 2 (a)), the hole 10 was formed, the metal plug 9 was embedded, and contact to gate 
electrode 2a and the source drain field 3 is taken ( drawing 2 (b)). 

[0058] As mentioned above, according to the 2nd example, connection between opening of the silicon 
nitride 6, gate electrode 2a, and the source drain field 3 can be made to coincidence. 
[0059] In addition, also in the 2nd example, the channel section 4 of TFT and the dangling bond of the 
source drain field 3 can be ended like the 1 st example using the hole 1 0 which is opening of the silicon 
nitride 6, and the property of TFT can be improved. 

[0060] Moreover, although the metal was used as a plug ingredient embedded in a hole 1 0 in the 2nd 
example, if it is the ingredient whose ohmic contact is possible, other ingredients will be sufficient as the 
polycrystalline silicon which added the impurity, and it will do so the same effectiveness as the above- 
mentioned example. 

[0061] Next, the 3rd example is explained using drawing 3 . Drawing 3 is the sectional view showing a part 
of memory cell of SRAM by this invention by which the multilayer interconnection was carried out. The 
metal plug for taking connection with the component and the 1 st layer aluminum wiring 1 1 with which 1 1 
was formed in the 1 st layer aluminum wiring, and 1 2 was formed in the single crystal silicon substrate 1 in 
drawing, The interlayer insulation film with which 13 was formed in the metal plug and 14 was formed 
between the 1 st layer aluminum wiring and the 2nd layer aluminum wiring, It is the through hole of the 
dummy with which the 2nd layer aluminum pad with which 15 was formed on the interlayer insulation film 
14, and 16 were prepared in the plasma silicon nitride, and 18 was prepared in the interlayer insulation film 
14, and the thing of the same sign as other drawing 2 shows the same contents as drawing 2 . 
[0062] Thus, the distance of the channel section of TFT etc. and the plasma silicon nitride 16 which is 
passivation film becomes far, and diffusion of the hydrogen from the plasma silicon nitride 16 becomes 
difficult as wiring is multilayered. Then, a dummy through hole can be prepared and the dangling bond 
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which thin film polycrystalline silicon has easily can be ended by diffusing hydrogen from there. 
[0063] Hereafter, a production process is explained. After the process shown in drawing 2 (b) is completed, 
an interlayer film 7 is formed farther, and it is a wrap about the upper part of the metal plug 9. Next, 
opening of the aluminum contact section is carried out by the photolithography method and anisotropic 
etching, and the metal plug 12 is embedded. Then, patterning of the 1st layer aluminum wiring 1 1 is carried 
out, and it is formed. 

[0064] Next, an interlayer insulation film 14 is deposited between the 1st layer aluminum wiring and the 2nd 
layer aluminum wiring. Then, the dummy through hole 18 is formed in an interlayer insulation film 14, and 
the metal plug 13 is embedded in the through hole 18. Next, a through hole 18 is capped using the 2nd layer 
aluminum pad. Since hydrogen is spread from this through hole 1 8, hydrogen can reach the channel section 
4 of TFT efficiently, and a dangling bond can be ended. In addition, this through hole 18 needs to prepare so 
that it may not become inhibition of the 2nd layer aluminum wiring. 

[0065] Although the through hole 18 formed between the 1st layer aluminum wiring and the 2nd layer 
aluminum wiring was fill uped with the above-mentioned example using the metal plug 13, a through hole 
1 8 may be filled only with the 2nd layer aluminum pad 15 not using the metal plug 13. 
[0066] Next, the 4th example is explained using drawing 4 . Drawing 4 is the sectional view showing a part 
of memory cell of SRAM by this invention by which the multilayer interconnection was carried out. In 
drawing, 17 is the 2nd layer aluminum wiring and the same sign as drawing 3 shows the same contents. In 
the semiconductor memory shown in drawing 3 , although characterized by taking the dummy through hole 
18 right above the metal plug 12, the semiconductor memory shown in this example is formed on the metal 
plug 9 formed in order to connect gate electrode 2a formed with the source drain field 3 and polycrystalline 
silicon of TFT formed with thin film polycrystalline silicon. Since hydrogen is spread from this through hole 
18, hydrogen can reach the channel section 4 of TFT efficiently, and a dangling bond can be ended. In 
addition, this through hole 1 8 needs to prepare so that it may not become inhibition of the 2nd layer 
aluminum wiring. 

[0067] Moreover, although the example which nothing embeds in a through hole 1 8 was raised with the 4th 
example of the above, you may also embed a metal plug so that you may also embed another ingredients 
other than an oxide film, for example, the 2nd layer aluminum wiring may not be checked. 
[0068] Moreover, although hydrogen was used in the 1st, 2nd, 3rd, and 4th example as matter which ends a 
dangling bond, if it is the matter which can end a dangling bond, you may be other matter and the same 
effectiveness as the above-mentioned example will be done so. 

[0069] Next, the 5th example of this invention is explained about drawing. Drawing 8 thru/or drawing 15 
are the sectional views having shown the 5th example of this invention according to the process flow. In 
drawing 31 the gate of TFT, and 34 for an insulator layer and 33 The source of TFT, 35 the nitride between 
layers, and 37 for the drain of TFT, and 36 A contact hole, The part in which, as for 38a and 38b, the nitride 
was removed by wet etching, The oxide film which formed 39 with the CVD method, the oxide film with 
which 40a and 40b are removed by dry etching, 41 is titanium night RAIDO and the interlayer film to which 
a plasma nitride and 50 were carried out by the diffusion path of the hydrogen from a plasma nitride, and 
flattening of 54 was carried out [ 42 / a tungsten plug and 43 ] for aluminum wiring and 44 by the wet 
reflow. 

[0070] Drawing 8 is drawing showing the condition of having formed TFT which has the gate 33, the source 
34, and a drain 35 into the oxide film 32 on a substrate 31, and having formed in order of the oxide film 54 
which carried out flattening of the oxide film which includes many an oxide film 32, nitrides 36 between 
layers, boron, Lynn, etc. from the bottom by the wet reflow method. 

[0071] Drawing 9 is drawing showing the condition of having opened the contact hole 37, by a usual photo- 
engraving process and the usual etching method. 

[0072] Here, it dips in heat phosphoric acid (temperature of about 170 degrees C) for about 5 hours. 
Drawing 10 is in the condition that only about 2 micrometers only of nitrides 36 between layers were etched 
into the longitudinal direction with heat phosphoric acid. The hydrogen in more plasma nitrides will reach to 
a thin film transistor through the parts 38a and 38b by which the nitride 36 between this layer was removed. 
[0073] OFF state current Ioff of TFT As shown in several 1, it is decided by several Ns of the dangling bond 
of the polish recon contained the electric field E concerning a drain impregnation edge, and there. 
[0074] 
[Equation 1] 
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I off oc N» exp (-a/E) 

[0075] Therefore, if termination of the dangling bond of a drain edge is fully carried out, the OFF state 
current can be reduced to the almost same level as TFT ( drawing 6 ) of the conventional semiconductor 
device with which there was no nitride between layers and hydrogenation was fully made. What is necessary 
is for the amount which carries out wet etching of the nitride 36 between layers with heat phosphoric acid to 
be comparable as a contact hole 37 and the distance between the drain impregnation edges 58 of TFT, or just 
to set it up for a long time than it. 

[0076] Drawing 1 1 is drawing showing the place which deposited the oxide film 39 with the CVD method, 
after removing some nitrides with heat phosphoric acid. Since the oxide film 39 by the CVD method has 
good coverage, it is deposited also on a clearance part like 38a and 38b, and it can embed the clearance. This 
process is a required process in order to raise the adhesion of the titanium in the parts 38a and 38b which 
removed the nitride, when carrying out the spatter of the titanium later. Therefore, the nitride 36 between 
layers is thin, and when there is no problem in the adhesion of titanium, the process of drawing 1 1 and 
drawing 12 can be skipped. 

[0077] drawing 12 — oxide film dry cleaning ~ it is drawing showing the process which carries out opening 
of the partial 40b which becomes a contact hole 37 more dirtily. The good film of other coverage may be 
used for a change of an oxide film 39. For example, the polish recon formed with a CVD method can be 
used, in this case, since polish recon comes out and has conductivity, contact can be taken without carrying 
out opening of the partial 40b which becomes a contact hole 37, and that contact resistance can be made 
small compared with the case where the oxide film 39 by the CVD method is used, however, some film used 
for the embedding in drawing 12 when the electric conduction film was used for embedding — it must be 
made for aluminum wiring not to have to short-circuit by 40a For that purpose, what is necessary is to 
remove this partial 40a or just to add processes, such as also cutting off this partial 40a, to patterning and 
coincidence of aluminum wiring beforehand. 

[0078] Drawing 13 is drawing showing the place which carried out the spatter of the titanium, annealed by 

nitrogen-gas-atmosphere mind, and formed titanium night RAIDO 41. 

[0079] Drawing 14 is drawing showing the place in which the tungsten plug 42 was formed. 

[0080] Drawing 1 5 forms the aluminum wiring 43 and just deposited the plasma nitride 44. Since the 

hydrogen in more plasma nitrides 44 is spread through the diffusion layer path 50 and hydrogenates TFT 

compared with the conventional semiconductor device shown in drawing 7 , TFT with the small OFF state 

current can be formed. Moreover, the same effectiveness is acquired also by dipping into a plasma hydrogen 

ambient atmosphere instead of depositing the plasma nitride 44. There may be neither titanium night 

RAIDO 41 nor the tungsten plug 42, and the same effectiveness as the above-mentioned example is 

acquired. 

[008 1 ] Next, the 6th example is explained about drawing. Drawing 16 and drawing 17 are the sectional 
views having shown the semiconductor device by the 6th example according to the process flow. In 
drawing, 31 is a substrate and the flat film with which silicon impregnation and 50 were carried out by the 
diffusion path of the hydrogen from a plasma nitride, and flattening of 54 was carried out [ 32 / an oxide 
film and 33 ] for the gate of TFT, the porous nitride according [ 34 / 35 / the source of TFT, and / 48 ] to 
silicon impregnation in the drain of TFT, and 36, and 49 by the wet reflow according [ the nitride between 
layers and 44 ] to a plasma nitride. 

[0082] Flattening of the film 54 is completed by the wet reflow, and drawing 16 is drawing showing the 
condition of carrying out silicon impregnation 49. Since silicon impregnation is performed in order that it 
may extend a lattice spacing and may carry out porous one of the nitride 36 between layers by increasing the 
rate of the silicon in the nitride 36 between layers, it is made for an impregnation peak to come to the depth 
of the nitride 36 between layers. For example, when the nitride 36 between layers is in a location with a 
depth of 4000A, it pours in with the energy of 200keV extent. An injection rate is 1015-/cm2. It sets up 
above. The purpose of this silicon impregnation is performed in order to make the nitride 36 between layers 
porous so that the diffusion layer multiplier in the inside of the film of hydrogen may be increased and it 
may be easy to penetrate from a top to the bottom, and as long as it can attain that purpose, it may pour in 
oxygen ion and other ion. 

[0083] Drawing 17 is drawing showing the place which deposited the plasma nitride 44. Since it is easy, a 
contact hole, aluminum wiring, a tungsten plug, etc. have been excluded. Since hydrogen tends to penetrate 
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the nitride 48 between layers in the plasma nitride 48 by silicon impregnation since it is in a porous 
condition, hydrogen reaches TFT through the diffusion path 50 and TFT is hydrogenated, TFT with little 
OFF state current can be made. 

[0084] In the 5th and 6th example, after performing flattening using the nitride 36 between layers, the 
diffusion path 50 of the hydrogen from a plasma nitride was secured by wet etching and silicon 
impregnation. Next, the 7th and 8th example to describe has the description in the place which stops the OH 
radical at the time of flattening using film other than nitride 36 between layers. 

[0085] Next, the 7th example of this invention is explained about drawing. Drawing 18 is the sectional view 
showing one of the production processes of the semiconductor device by the 7th example. The field where, 
as for a substrate, and 32a and 32b, an insulator layer and the flat film with which the drain of TFT and 46 
are carried out by the OH radical, and flattening of 54 is carried out [ 33 / the gate of TFT and 34 ] for the 
source of TFT and 35 by the wet reflow were poured in, and, as for 31, many N type impurities were poured 
in in drawing 1 8 , as for 55, the field where, as for 56, many P type impurities were contained, and 57 are 
the electric fields formed with the charge of a field 55 and a field 56. 

[0086] After drawing 18 forms the TFT gate 33, the source 34, and a drain 35, it deposits about 3000A 
nitride 32between layers a, injects boron into the front face, and forms the field 56 with many P type 
impurities. It is necessary to pour in this impregnation so that TFT may not be reached. Next, 1000A nitride 
32between layers b is deposited, Lynn is injected into the front face, and the field 55 with many N type 
impurities is formed. Between two-layer, electric field 57 are born with the impurity contained in these two 
layers. It prevents an OH radical reaching a thin film transistor by this electric field at the time of a wet 
reflow. 

[0087] two-layer — when 55 and 56 are considered to be parallel plate capacitors, acceleration voltage V (V) 

equal to the energy of the OH radical which can be caught to inter-electrode [ the ] is expressed with several 

2. . 

[0088] 

[Equation 2] 
V - q • N/C 

[0089] However, the injection rate (/cm2) of an impurity and C are the capacity (F) of a capacitor, and q has 

elementary charge (C) and N. 

[0090] 

[Equation 3] 

C - K Q • £ Q /& 

[0091] It is K0 here. The specific inductive capacity of an oxide film, and epsilon 0 The dielectric constant 
of vacuum (F/cm) and d (cm) are the distance between a layer 55 and a layer 56. They are both the injection 
rates of two-layer 55 and the impurity through which it passes 56 6x1014 /cm2 If it carries out, an OH 
radical with the energy of several 2 and several 3 to about 1 keV can be decelerated in this film, and can be 
caught. If the two-layer injection rate is doubled, electric field 57 can be formed only among layers 55 and 
56, electric field will leak to others, and actuation of TFT will not be affected. 

[0092] Flattening between layers can be carried out without oxidizing TFT as a result as mentioned above. 
That is, if boron and the oxide film 24 including many Lynn are deposited and a wet reflow is performed on 
this for flattening, the OH radical contained in the ambient atmosphere at the time of a wet reflow will carry 
out flattening of the oxide film 54 through a path 46, will arrive at the field formed in layers 55 and 56, will 
lose energy there, and will not trespass upon the field of TFT. Although the layers 55 and 56 containing 
these two impurities are formed by impregnation here, the oxide film which contained the impurity 
beforehand may be deposited. Moreover, although the polish recon containing an impurity may be 
deposited, it is required by insulating a side attachment wall from oxidizing or others so that it may not 
short-circuit, when a contact hole is opened to accumulate a charge. 

[0093] And since the nitride between layers is not used, after forming a contact hole, a tungsten plug, and 
aluminum wiring, a thin film transistor can be hydrogenated by the hydrogen in a plasma nitride during 
deposition of a plasma nitride. Contrary to an OH radical, it is hydrogen ion H+. Since it tends to be 
accelerated by electric field 57, the effectiveness of hydrogenation will be acquired. 

[0094] That is, flattening can be carried out by the wet reflow, without [ if this structure is used, without it 
will reduce the effectiveness of hydrogenation of TFT, and ] oxidizing TFT. 

[0095] The 7th example of this invention had realized carrying out flattening by the wet reflow, without 
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reducing the effectiveness of hydrogenation of TFT using another film instead of the nitride between layers. 

Next, hydrogen is made to intervene under the nitride between layers beforehand in the 8th and 9th example 

to give using the property which does not let the hydrogen of the nitride between layers pass. 

[0096] Next, the 8th example is explained about drawing. Drawing 19 is the sectional view showing one of 

the production processes of the semiconductor device by the 8th example, drawing 19 — setting — 31 — for 

the gate of TFT, and 34, as for the drain of TFT, and 36, the source of TFT and 35 are [ a substrate and 32 / 

an insulator layer and 33 / the nitride between layers and 47 ] hydrogen impregnation. 

[0097] It just deposited drawing 19 in order of the oxide film 32 and the nitride 36 between layers after 

forming TFT. Hydrogen impregnation [ 1016/] of injection rates 2 (cm) is carried out into TFT under the 

nitride 36 between here layers, and TFT is hydrogenated. 

[0098] Then, boron and an oxide film including many Lynn are deposited, and flattening is carried out by 
the wet reflow. Usually, if 800 to 900 degrees C heat treatment is added, the hydrogen as a terminator of a 
dangling bond will be diffused outside, and will lose the work. However, since there is effectiveness which 
controls diffusion of hydrogen in the nitride 36 between layers, the hydrogen diffused out of polish recon in 
a wet reflow (800 to 900 degrees C heat treatment) is not diffused out of the nitride 36 between layers. And 
in heat treatment (about 400 degrees C) after forming aluminum wiring, it will spread and hydrogenate in 
the polish recon channel of TFT again (re-hydrogenation). In addition, since the demand to the nitride 36 
between layers in this structure is not spacing hydrogen contrary to the 5th and 6th example, it is desirable to 
deposit on about several 1 000A thickly. 

[0099] Flattening can be carried out by the wet reflow, without being able to acquire the effectiveness of 
hydrogenation of TFT by re-hydrogenation, and oxidizing TFT, if this structure is used. 
[0100] Next, the 9th example is explained about drawing. Drawing 20 is the sectional view showing one of 
the production processes of the semiconductor device by the 9th example, drawing 20 -- setting — 3 1 — a 
substrate and 32 — for the source of TFT, and 35, as for the nitride between layers, and 44, the drain of TFT 
and 36 are [ an insulator layer and 33 / the gate of TFT, and 34 / a plasma nitride and 50 ] the diffusion paths 
of the hydrogen from a plasma nitride. 

[0101] Drawing 20 is drawing showing the place which deposited about 5000A of plasma nitrides 44, and 
then deposited 1000A of nitrides 36 between layers, after carrying out TFT (gate 33, source 34, drain 35) 
formation. Hydrogenation of TFT is performed during deposition of the plasma nitride 44. Since anything 
does not have what interrupts hydrogen between the plasma nitride 44 and TFT as shown in the diffusion 
path 50, TFT is fully hydrogenated. 

[0102] Then, boron and an oxide film including many Lynn are deposited, and flattening is carried out by 
the wet reflow. Since there is effectiveness which controls diffusion of hydrogen in the nitride 36 between 
layers, the hydrogen diffused out of polish recon in a wet reflow (800 to 900 degrees C heat treatment) is not 
diffused out of the nitride 36 between layers. And in heat treatment (about 400 degrees C) after forming 
aluminum wiring, it will spread and hydrogenate in the polish recon channel of TFT again (re- 
hydrogenation). 

[0103] Flattening can be carried out by the wet reflow, without being able to acquire the effectiveness of 
hydrogenation of TFT by re-hydrogenation, and oxidizing TFT like the 8th example, if this structure is used. 

[0104] The above 5th example thru/or 9th example was invention of hydrogenating with flattening after 
considering to the 1st TFT not oxidizing at the time of a wet reflow. Next, the 10th example to give has the 
description in expecting that it oxidizes and forming thickly beforehand at the time of a wet reflow. 
[0105] Hereafter, the 10th example by this invention is explained about drawing. Drawing 2 1 and drawing 
22 are the sectional views showing one of the production processes of the semiconductor device by the 1 0th 
example. In drawing, the polish recon thin film with which a substrate and 32 oxidized with the insulator 
layer and the polish recon thick film with which the drain of TFT and 46 formed the OH radical and, as for 
the gate of TFT and 34, 51 formed channel polish recon for 33 thickly beforehand, as for the source of TFT 
and 35, 52 oxidized by the wet reflow, and 31 was thin-film-ized, an interlayer film with much 53 to a level 
difference, and 54 are the interlayer films in which flattening was carried out by the wet reflow. 
[0106] Drawing 21 is drawing showing ****** which deposits boron and the oxide film 53 including many 
Lynn, and is carrying out flattening by the wet reflow method, after forming TFT which deposited polish 
recon 5 1 thickly (400 A) beforehand. Since this structure does not have a nitride between layers on TFT, 
TFT oxidizes by the OH radical. The channel of the part thin film-ized transistor is formed thickly. 
[0107] Drawing 23 is drawing showing the thickness of polish recon and the relation of wet reflow time 
amount in which it remained at the time of depositing boron and 10000A of oxide films including many 
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Lynn on the polish recon of 400A of thickness immediately after formation, and carrying out a wet reflow at 
820 degrees C. As a result of our wholeheartedly research, most thickness of polish recon decreases to a 
linear, and it is confirmed in the time domain of less than 1 hour that the homogeneity of the polish recon 
film within the wafer side is **5% or less very highly. According to drawing 23 , 820/60-degree-C wet 
reflow shows carrying out film decrease of the polish recon of 400A of thickness at about 1 50A. 
[0108] Drawing 22 performs wet reflow processing for 820-degree-C 60 minutes, and flattening of the 
interlayer film 53 is carried out, it serves as an interlayer film 54, polish recon 51 is thin-film-ized, and the 
polish recon 52 is just going to be formed. As stated previously, the thickness of this polish recon 52 of TFT 
is about 150A. With this structure, since the nitride between layers is not used, during deposition of a 
plasma nitride, the hydrogen in a plasma nitride can be freely spread in TFT, and can make the OFF state 
current of TFT small. Moreover, when the homogeneity within the wafer side of oxidization of the polish 
recon by the wet reflow is very good, if polish recon is set up thinly (for example, 350A) at the channel 
section deposited first, it can thin-film-ize further (about 100A), and the OFF state current of TFT can be 
made still smaller. 

[0109] Although the oxidation by the wet reflow takes place only on the front face of polish recon, the 
hydrogen from a plasma nitride diffuses the inside of the polish recon film to some extent. The 1 1th 
following example uses this difference. Drawing 24 is the sectional view of TFT and drawing 25 is a 
sectional view in A- A* of drawing 24 . It has the structure where the nitride 36 between layers has lapped by 
the same pattern on the polish recon 59. The manufacturing method which realizes this structure is 
explained below. 

[0110] Drawing 26 is drawing showing the process which formed the oxide film 32 on the substrate, formed 
the gate electrode 33, and deposited the polish recon 59 on gate dielectric film 60 and the channel section. 
So far, it is the same as the former. 

[0111] Next, the nitride 36 between layers is deposited by the LPCVD method ( drawing 27 ). 

[0112] Next, the same resist pattern 61 as a desired channel pattern is formed with a photoengraving-process 

technique ( drawing 28 ). 

[0113] Next, if the polish recon 59 which patternizes the nitride 36 between layers and the polish recon 59, 
however ( drawing 29 ) constitutes a channel by the etching method is below the thickness like stopping 
having oxidized by the next reflow, even if it is not patternizing the polish recon 59 here, it will remain at 
the time of a reflow, without the polish recon 59 oxidizing like the pattern of the nitride 36 between layers. 
[0114] Next, the silicon oxide 53 containing Lynn or boron is deposited with a CVD method, reflow heat 
treatment is performed in the ambient atmosphere containing a steam 46, and flattening of the silicon oxide 
53 is carried out ( drawing 30 ). 

[01 1 5] Finally the plasma nitride 44 is deposited by the plasma-CVD method ( drawing 3 1 ). 

[0116] In drawing 30 , although the pattern edge of the polish recon 59 oxidizes in the channel section and it 

becomes thin for a while in it since there is no nitride 36 between layers in the whole surface, it is about 

0.01-0.05 micrometers, and is small enough compared with the channel width of 0.5-0.10 micrometers. 

Moreover, even if the hydrogen from the plasma nitride 44 has the nitride 36 between layers, it is diffused in 

the polish recon 59 whole of the channel section satisfactory, and makes a trap level decrease by being 

spread from the side face of the polish recon 59 of the channel section, as shown in drawing 28 , since 1.0 

micrometers or more are diffused in the sinter (about 450 degrees C) of under deposition or after that. 

[01 17] Therefore, according to this approach, the film decrease and disappearance by oxidation of the polish 

recon 59 of the channel section by the wet reflow can be prevented, without barring diffusion into the polish 

recon of the hydrogen in a back process. 

[0118] 

[Effect of the Invention] As mentioned above, in order to introduce into the channel section of said transistor 
the matter which cannot pass the silicon nitride formed on the transistor which used the polycrystal semi- 
conductor thin film for the channel section according to the semiconductor device of invention indicated to 
claim 1 , Since it is characterized by carrying out opening of said silicon nitride, the matter for ending the 
dangling bond which the transistor has can be introduced to the channel section of a transistor, and it is 
effective in the ability to improve the property of a transistor. 

[0119] In order to introduce the matter which cannot pass a silicon nitride to the channel section of a 
transistor according to the manufacture approach of the semiconductor device invention indicated to claim 
2, it has the process which carries out opening to said silicon nitride, and is constituted, and the dangling 
bond which the transistor has can be ended and it is effective in the ability to improve the property of a 
transistor. 
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[0120] According to the semiconductor device of invention indicated to claim 3, it is constituted so that a 
silicon nitride may have the hole where an opening dimension is larger than said contact hole as a hole for 
contact holes, and the matter for end dangling bonds, such as hydrogen, in the channel section of a transistor 
through the hole where this opening dimension is large can be introduced easily, and it is effective in the 
ability to improve the property of a transistor. 

[0121] It is effective in the ability to improve the property of a transistor by according to the manufacture 
approach of the semiconductor device invention indicated to claim 4, having the process which extends the 
opening dimension of the silicon nitride part of a contact hole, being constituted, being able to form in a 
silicon nitride easily the hole where an opening dimension is big, introducing the matter for ending a 
dangling bond from this hole, and ending a dangling bond. 

[0122] According to the semiconductor device of invention indicated to claim 5, at least, that part is 
equipped with a porous silicon nitride, it is constituted, the matter for ending dangling bonds, such as 
hydrogen, in the channel section of a transistor through this porous part can be introduced easily, and it is 
effective in the ability to improve the property of said transistor. 

[0123] According to the manufacture approach of the semiconductor device invention indicated to claim 6, 
it has the process which makes a part of silicon nitride porous at least, and is effective in the ability to 
improve the property of a transistor by introducing the matter for ending a dangling bond through a part of 
silicon nitride which became porous. 

[0124] The 1st film which was just charged on the transistor according to the semiconductor device of 
invention indicated to claim 7, Have the insulator layer which has not been charged and the 2nd film 
charged in negative, and it is constituted. It prevents the OH radical which has negative charge by the 
electric field which the 1st film and 2nd film build invading into the channel section of a transistor. The 
matter for ending dangling bonds, such as a hydrogen ion, can be easily introduced to the channel section, 
and it is effective in the ability to improve the property of a transistor. 

[0125] It has the process which deposits the 1st just charged film on a transistor according to the 
manufacture approach of the semiconductor device invention indicated to claim 8, and the process which 
deposits the 2nd film charged in negative, and the matter for ending a dangling bond can be introduced 
alternatively, and it is effective in the ability to improve the property of a transistor. 
[0126] According to the semiconductor device of invention indicated to claim 9, it has a field containing 
many hydrogen formed on the transistor, and is constituted, and hydrogen can be introduced into the channel 
section of a transistor from said field, and it is effective in the ability to improve the property of a transistor. 
[0127] According to the manufacture approach of the semiconductor device invention indicated to claim 10 
thru/or claim 12, it has the process which forms a field with many hydrogen contents on a transistor, and the 
process which forms a silicon nitride on said field, in order to end a dangling bond, hydrogen can be 
introduced into the channel section of a transistor, and it is effective in the ability to improve the property of 
a transistor. 

[0128] While the pattern of a silicon nitride protects the channel section of a transistor in which it is formed 
in the configuration of the same request as the channel pattern of a transistor, and the silicon nitride is 
formed according to the semiconductor device of invention indicated to claim 13, matter installation of [ for 
ending dangling bonds, such as hydrogen, from the part which is not covered with a silicon nitride ] can be 
carried out, and it is effective in the ability to improve the property of a transistor. 

[0129] While according to the manufacture approach of the semiconductor device invention indicated to 
claim 14 having the process which forms a silicon nitride in the pattern of the same request as a polycrystal 
semi-conductor thin film and protecting the polycrystal semi-conductor film, the matter for making the 
channel section of a transistor end a dangling bond can be introduced, and it is effective in the ability to 
improve the property of a transistor. 

[0130] The process which deposits thickly the polycrystal semi-conductor film used for the channel of a 
transistor according to the manufacture approach of the semiconductor device invention indicated to claim 
15, Since the film for having the process which makes this polycrystal semi-conductor film desired 
thickness by oxidizing and making said polycrystal semi-conductor film thin, and protecting this polycrystal 
semi-conductor film is not needed The matter for ending a dangling bond can be introduced easily, and it is 
effective in the ability to improve the property of a transistor. 
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fe-r?>7t*(7)^R^^A-r5ii:^T-#, hy^-^x^ 



10 

[0 0 4 5] r©»WfcJ:S¥W*§$«0>«ifefrifc©IB 

©•y^ylikWiiici^ts, :©y!)=yni: 
& h 7yv ! ^^©ft^s^t#At5: i^-e 

io [0 0 4 6] zc>&w\c£z*mftmw(om&iimc>n 
^fe#^f B ^«*?rJ5< ±t«LT^s©T* h 5 y^^ 
? (D±i£M&-r &n-rz>m c>y 

=>v^k^) ^iv^fcfe, yy^yy^yKtfl 

[0 0 4 7] 

20 y-fe/u©— S8#£^-f»fffi!|-C*>5. HfcfeV^T, 1{± 
*yt;U©M*Mt5TFT©7 , -Mg < 2 a (4 

■b/w&ffi&mis.-fz 1 5 — $><dt f t ©y- h 

Itt-fe 0 #*Sb!, ->!)3 yfM £ ix, 3 tt»0t#£A 
■yy^yt-MLtTFTroy-x- kw^8« 4 
ttWK^ISA -> y =» yt*M ShfeTFToft * a\ 
5iicvD ifc-ej&s u fc y- h ifefcBk 6ii-y!) 3yl 

rti~> y =• >mtm 6 ©m p g&©*-^-efc s„ 

30 [0 0 4 8] JWT, KitxaiCo^Tt&W-t-So 

•yy^yi ©iKlN^-r^w-MO S FET^Mlt 

©*>, sraKfeHiBiSr^L-cTFTroy- hmi2su ; t. 

5-yjcDTFTCoy- hS*I2 a Sr^fs^y ^t'l 
[0 0 4 9] &(^, Mff-CVD (Cemical Vapour Depos 

ition ) siaot^-hi<kiffl©-yy3yi«5 

*«itf4 0nm«BIU, ftV^t, fig»^£ Ltl< » 
2l#6ft5'!l3y3 1 4^«fiJ^tf 3 OnmJtat-So 
[0 0 5 0] r©^T% 7*hyy^77^£lC±o 

40 r^-r^/u£/i5'<#ifiyc4jcu^ htlLty-7 
• KKyfflro'ftytASrtrj. ^r©^, MIKB^IK 
i-r. iCioT-ftyiSrffittfcL, y-x • K^y 

[00 5 1] Mfc. SP^Jfe^lii^itaLfccO*,, OHI 
X h y^-ffl©->y =»V^bK6Sr^J^lil 0 0 nm±£ 

fco*,, <7*-v hWMfS.'PX-gM&m-rz^kX&fi&W- 

[0 0 5 2] :r-e, $*-h*«2a fc*«£*Sft->y 
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Ut7*rBBnU OHS^hy^©'>J3^fflk«6 

■l±TFTO^-r*»4lc**fc*Ai-Sr taspTUBft 
T F T<£>ffifrt\ ^oTM^liCI^MIi^i 

t &%ji:i-*ui. a^«fl«6tt^*jM'tt4<©jiE 

[0053] Htettssti-ci^ftv^ w-mt 
±« fcjgj* $ tt s r fv % gm t (ogi^fc isb \cnt>ti 

^-/i-8^ffM^n/'c^>'^^x>'^ p ^^(o#ffi 

«:Ofcl/\ TFT(0^^^/P$P4XT^y — ^ • KW> 

?V ^^#^K*I»ISL-C, TFTO«H4S:iSi±i-5r 
[0 0 5 4] ±E«SW-(?li, A-SSrUBPLfctf) 

p Lfcofe^a{fc(ofci&K3[h-^8K»ft«sra»ii^ 

[0 0 5 5] W:, H2SrJBV^T*2*llli«lcov^TR 

i otts^y 3^2{kR6, r/i/5JBnwMb»7a 
v#«#iie*^y =^30BBPLfc^-/K -eoft&ogi 

illlftf?Jiia2lc:*Lfc»2ll*«dSft«5jStt, J^T 
[0 0 5 6] s-f, 0Uc:fctt5¥«#««tt\ y*h 

[0 0 5 7] ^ti^Jfc^ H2fc:fe»*a¥WfiK«HU 
&J&tft,Ltii<Dh (12 (a) ) , ^/H0«U 



72 

^JR:/?*' 9 y-hS<S2 a i V-x • K 

^yg«3 tO^^Zt hSrS*oT^5 (0 2 
(b) ) 0 

[0 0 5 8] J^±tf)<J:^C x fR2*lfe«^J:*tfi, 
= ^RfkBl6(OHPi:y-h««2 a hV-x • 
V«« 3 t (D&ttt&mmzft So 

[0 0 5 9] fc*5, |R2*lftWc:*5U^Tt. » 1 

£/B^TTFTO^*/uffi4Xtf V — * • F^yfi 
[0 0 6 0] £fc, *2*JS«-ett, *-;H0Ci«) 

So 

[0 0 6 1] ^3||^S^J(CO^^T|i|3^fflV^Tlft 
W-fSo H3ttr<©*WteJ:5#«ej|ft*nfcSRAM 

20 l lttRiJir/uSEII, l 2J4Hl*S»S/y =»^s 

^^tz^XD^m^yV, 13tt^JR^7^ 14te?g 
1 JIT A* 5 ^i2lT;^;Eii ©IB 
■IHIfcfU& l 5»smitttRi 4©±fc««Sixfcf[ 
2JIT/1^'<5> h\ leii^x^^yayifti, 1 
8 ttAIHfelklR 1 4 (C^tf bntz?^ -<D*/U-*-/U 
■Cfct), -tr£>fifc<Z>E|2 #-^0>fctf>tel2 2 £1^— 

[0062] I(OJ;5^ E»##Ji{b*H5»CLfc35S 

m zfom-t z>^t\c£<oxm% \mttt&m& y =» 

[0 0 6 3] WTs RiiXglco^TttWrSo 1212 
(b) t*LfelS#»TLfc©t), «IBBt7S:Se>^ 

40 J;otSPU ^Jl^y^l 2£ffi#)iMi>o ^©m, » 

[0 0 6 4] mimr^^mmtm2mr/u^m 

So tJn— /H 8X !9*^^t£ffi:$ttS^)-e, 

TFT^^^r^/u«fS4tca*J:<**^i(iau, 
y F&mmirZZk&XZ Z> 0 4*5, r^^/u- 

so -^-/n 8l4*2ST^?E»oia*^*e>*v^J:5 
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[0 0 6 5] ±EH««t»li, iil7;^;iEIi!2 

f, i'2lT;K^7 Kl 50*t^/i'-*-;H 8 £ 

[0 0 6 6] jsfctc. »4**«fcov^H4«:fflv^-rBl 
Wi"5o H4tt^O«Wt-J:5#SiEi»$ixfcSRAM 

it £Btt*M)t£IS A > y = yt« ShfcTFT^y- 

nS^-C, TFT(D^-y^U^4{C^ < t<*^^gja 

U ^^>jy^yK^m:^m5o ft 

ft b ft ^ <t 5 5 r £ 5 o 

[0 0 6 7] *fc. ±|B*4lHfi«"ett, X/W-*-^ 

**Bft*Lftv^J: 5fc4«^9^«rSabii^t iv\ 

[0 0 6 8 ] *3, *4HJS«-C 

nfcaK ^y^y y^y K^t^sfef tfeti 
[0 0 6 9] Wc, r<o«Wo*5«Jfc«*rHK:ov^-c 



i4 



3 1tt*fti»Bt. 3 3liTFTOy-h % 3 4teTFTcD 
y-x % 3 5liTFTOKWy, 3 6M:Jima<bR, 
3 7(in>^^ h^— 3 8 a, 3 8 b tt ^zc $/ h ^ 
^fy^iaotHW^O^W:^ 3 9f*C 
VDifelCiOJgrtUfcftfbl*, 4 0a, 4 0bttK5^ 

<&**<©tt**ig&\ 5 4f4jrxj/ fy7P-ia spa 
itztitcmmmxtoZo 

[0 0 7 0] i8H £tg3 l±<^i«3 2*iviy- 
F33, KKV3 5S:ttSTFT^ 

j£U T^?)i«3 2, !P H 1Iftl3 6, tKd^ y 

So 

[0071] H9», m^^Mummt^y^^m 

[0072] rrt, (iBfiifal 7 0t) K$j5 

©Sra^kW3 6©^t)^/5^fcSB5>3 8 a, 3 8 b ft 

* * * -ejs-r 5 £ t iz * 6 <D X' h 3 „ 

[0 0 7 3] TFT«t7ll I off I4& 1 tC^-f" <£ 5 

#y ->y a^co^^y FffltNtiotas 

[0 0 7 4] 

[&1] 



I 



off 



ocN-exp (- a /E) 



[0075] ^<d^ k w^ffigBcoyvyy 
ftizteztitL®m<D¥m#mw<oTFT me) t N is 

i A,<t'|5] C U-s^T*^-7®«tft^ib-rr £ 5o 40 

»«»^«toTBiBa{k8t3 6 ft -7^5/ y-^y^tr-t 

51:14, ^V?7 F*-;U3 7tTFTOKW'fyftA 
«B5 8©IBroffi(Bi:IBiaft*»*)6VM4-tnJ:!)*<KJfe 

[0076] mi i (4, f»»ii-c-«05afli«ftflji <o m 

^3t^tCCVDSJ-J:oT^b«3 9ft^«Lfct r5 
ft^1-m-C<fc5„ CVDjfetcJ; 5161*1:^3 9(4, 
yv^A^fcfeS 8 a, 3 8 b 0><fc 5 fcRHMMHClfcli 

»u *<oRnBftS»i^-eL* sr. ^ 



V^fcSl5#3 8a, 3 8 b-CW^^ V(D^*ttft±lf-5fc 
5 L ^v<o?B^tt(c:p t gjg^/iv^^{cf4, Hi l. Hi 2 

[0 0 7 7] Hi 214, KfcRK7-<i5'f tCttJn^ 
h*-yP3 7£&5lfl#4 0 bSriPtSlS^ 
-THT'foSo $Ht^3 9 0S^»9(-, teO^Uy 

-rs#y ->y a^Sriv^rims. r©s^u 

•>y 3Vf4^tt-6S-C-fc5<OT\ 3^^^ h*—/P3 7 
fc*<5tt#4 0b*r|l|Pt5:i4<a^? bft^S 

139 ftffl^fc«^fCtt-<-C/h$ <i-5w 

fcfc'L, ffitoii*^^migiftfflV>fc»^^f4, 1121: 
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&rtz>mtb&&izm\<^tzm<D--nft4 o a x\ ta^ ia 

«p co y p ir ^ £ ilJD-T fttfS V\> 
[0 0 7 8] Hi 3 11 ^>-£r;*^:y*U MH#B 

[0079] auii, ^^ryy^4 2SrJ£ia 

[0 0 8 0] Hi 5 II T/i^gftgU 3£ffMU 
4 4't^*^^&»eS5§5 O^iloTffitScU, TFT 

coa»3&s#e>tt5 Q ^9^^ h^-r K4 i^v^x 

[0 0 8 1] 9c(c, ^6HJ6fi»J*HI{c:ov^TSi^5o 
til 6. Hi 7(t^6^JS^J(cJ:-5^^H*V p nir 
^^C2 — (cffio-r^UfcWrffiia-CfcSo H{c:fe^T3l 
fiSfisu 3 2[««, 3 3liTFT(D^K 3 4 tt 
TFT(Dy-X, 3 5liTFT(OKW^ 3 6filffl 
afkM!, 4 4(i7 P 7XviM N 4 8tt^j3yffiAt 

5X-r*ffc|JtA^O**(Ol£tf:ft«S, 54tt^yH) 

[0 0 8 2] il6[j: s -?xs/hy7n-{:iot|g5 

4 ovaifksWHT u ^y=yftA4 9 lTv^^tt^: 
^■ria-efcSo ^iia^ttAit smftfcK3 6*0>*> 

ftis 3 6*jK-^^"rsfc«>fT9<o'c, imiftR3 6 

<^£ic&At 0 -^< -5 J: 9{ci"5 0 fcix«SS4 
0 0 0*1/7* hn — ^oteB(-SraSfkR3 6as&5 

»£^fl 2 0 0 k e V8ftOx^;!/*-ti£At5o 

aAfttt, 1 0 Vc m 2 wifcisst-t-a, rco^>y=3 

[0 0 8 3] 017(1 T^X^SfldBU 4^if«tt 

7vu*e«, ?i/y*^i/77ym±^^xhz> 0 mm 
mm4 szisv ^^Aiaot#-7^w^ 

T\ ^7X^1^14 8^-Cf4*«3»«aiiL^M-<, * 
^ffittScSSS 5 OSrloTTFTiCfU TFT^| 



(9) 

16 

[0 0 8 4] ff6H16«-Ctt, JHWS{t«3 6«r 

ffiA"C\ ^X-rafbK^fe^SJ^ltttftKs 0Sr» 

[0 0 8 5] W:, rcD^P^om7Hffi0fj^HiCoV^T 
IttM-rs. HI 8»4*7*lfiffllteJ:*^*(*:3S«<0»3i 
10 XS(Z)— oSr*-r»rffiia-C*>5 0 H 1 8 Id^^T 3 l ft 
Stfu 3 2a, 3 2bfj:itE 3 3f4TFTOy- 
K 3 4(iTFT(Dy-^ > 3 5I4TFTCD KK>, 

4 6liOHS, 5 4li^x y hy7n-|^J:»)¥fflft* 

5 6ttPS^F3ffi«J3dS^<^ixfcS^ 5 7f4ffi«5 5 

[0 0 8 6] 01811 T FTy— h33 N y — * 3 
4, KWi/3 5*r#ritLfc1fc, JimS{bR3 2 atrft 

3 0 0 0ty^hp-i^Jtit, *0>*ffifc#ni>'«: 

AteTFTJcSri^^J; 5t-aAi-Si^K^*>5 0 Zfe 
fc, JBIHft{btt3 2 b Sri 0 0 O^^* hu-AitS 
U *0>*ffi|£!J y tffiA L t NlT«Ki©#^«« 5 

2gcDr«i{cf4m#5 7dS£**L5 0 :^i#iaot^ 

[0 0 8 7] 215 5, 5 6S:¥ff?fi=iyfytt% 

30 ^u^-t4?LV^niS«BEV (V) 14, ft 2-?* Six 
5 0 

[0 0 8 8] 
[ft2] 

V - q - N/C 

[0 0 8 9] fcfcU qtt«ffif*4 (C) , Nte^M^ 
OftAi (/cm2) , CttayfVWSi (F) 

[0 0 9 0] 
[ft 3] 

<o C - K Q • £ Q /d 

[0 0 9 1] ::^K 0 tt»{t»^tfcRm*. £ 0 

(F/cm) , d (cm) J*J1 5 5 tl5 6 
cOM^E«tt?&5o 215 5, 5 6^OTjsE^aAi 
»6X 1 0 14 /cm2 tt5t, *2, 

^ 1 k e V<7)^/U^— ^ofcOH^r^JK^ 1 

to-B:T*5Jt , «# 5 7 Srfl 5 5 , 5 6 G>nDte*:tt»J* 
•TSrt^-cf, fl&-«#*jBttTTFT(D«if^lcaj# 
50 t4i4rt*4v^ 0 
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[0 0 9 2] i^_h<Dj: o\Z'jfe$kt LTTFT£gHt-f6 

S£fUl5 4£^mftU J15 5, 5 6-?»jS£*lS«« 
l-fl, *w^*/M*— «rjfcV\ TFTcDffiiS^teft 

6 ttaA(c±oT»*LTi^S3W, ^^mm^hfi 

!l=^S:«8[Ltt^, h*— A'SrRltffc 

3 - h L4^i 5(c««*rlMb"*-«r 4:^**6 

[0 0 9 3] -t LT> IWSftl8*ffci^<Ot, =• y 
[0 0 9 4] 0*9, rc0«3t^fflV^«, TFT<D7k 

[0095] r 7 Sliswtt, JIlWgfclBSrott 
kiSUWBJi&ffl^T, TFTO*|fc{ttf>&S£«t5 

Ulttir^, &fc*ff.5JS8, *9*16«|-Ctt, JBffl 

[0 0 9 6] &(c, 358 jUSf'J^H(co^TiftB^-t--5 0 
Hi 9f4«8l61Sft|tJ:6i|ti»«:S««>»3fiXS©— o 

zm-rmmfflizibZo mi 9 m^t 3 1 jm&r, 3 2 

3 3ttTFT©y-h, 34liTFT£0y- 
3 5I2TFT03 KWy ( 3 6 ISBBggffcK, 4 7 
fi^sgftAT&S, 
[0 0 9 7] Hi 913, TFTt»*«, &{tBl3 2, 

JBW]M{fcil*3 6©«i^(taLfci::4-e*»5. 

^ftli3 6 OT©TFT4'|:*||iaA (SAil 0 16/ 
cm2) ^LT, TFTSr**{k-t-S. 
[0 0 9 8] Iffli, y ^Sr*<*tfiMk««r 

0 0td^9 0 0 a C<r>$k®m$:lKiZ.Z>b, fl— t£«LT 
*©«#*r*< L*»L, JB|RJSfcR3 6£ 

d- (8 o Q°cfrh 9 o ccwfi^a) tic, tfy-yy 

3y©^tfc*LfcjJt*tt. SwaEfk«3 6<o^ttl4: 
tit, X^$Ejft£^$Lfc&<Dj&8ia 



(10) 

(^4 0 0^0 tdiH^T, St^TFTtD^y v-y 
it) „ r©*jSt*j»tSJBIW«fl;«3 6lc#-r* 

T-fcSfctf), j^i o o o^-v^^. hn-^affi(c:Ji:<±i 

[0 0 9 9] r.OT8tjt&ffll,\ft,i;f, f¥**ffc;teJ;*>TF 

[0 10 0] JSfcld, S&9 0IIS0!l«:Btt:ol^TR9H-S. 
II 2 0 ttSS 9 Xffittfc J; 5 *S*#««©*[jiie«>-o 
**1-KFfffilllT*fcSo 0 2 OfCfcVT 3 1 (AS«, 3 2 
tt*6&l&, 3 3fiTFT<oy- K 3 4i4TFTC0y — 
3 5(iTFT©KWy, 3 6 f±6IWS-ffc;i&, 4 4 

tfcffc«j&-e*>3. 

[0101] HI 2 0 fi, TFT (y— F33, y — J* 3 
4, KKy3 5) MLtl, 7*7XviftK4 4 4r 

20 sj$5 o o otv^ hn-Aifu &{cBra^fc;S§3 

6 & 1 0 0 O^y/* hn-AJt^Lfci C5^^-fH 
Tfc£ 0 7 , 7^viM4 4(0«icpCTFT©*»t 

BI4 4 tTFTOffl(C^Sr25t©im4^0T, 

t f Ttt3t»fc**fb sn*. 

[0 10 2] tfny, V>Z£<<£&Mim* 

*«L, ?xyh!)7iJ-fcJ:oT¥aftt5. IMS 

iyH)7B- (8 0 O'C^f, g o 0"C CDf&MS) tp 

30 (c, #y -yy =ryrofl.~ 4fctf:Lfc.**tt:, JfF^fbBSs 

^Wift^a (»4 0 0t) ^SH^T, SWTFTO/Ky 

yy ny^-v^wf irtutL, **fl:i-5r: tf-fts 
(W**fl:) o 

[0 10 3] £ 8 %ffi0!ll5l& i«>«jgSrfflv^tf, S 
*^{b(-<fc DTF TO**{k©3»ftSr»5 C t ^T*#, 
^oTFT^tfSrt/^, 7 i;,h!)7nHa 
oTVfifttS r t *ST# So 

[0104] W±o^ 5 S?Jfi«75S* 9 3ii£#ijf4, 
40 hy 7a-^|CT F TijS»£$H4VC i 4^ 1 

xfc_kT\ spalls i**fl:*fT 5 iv^*fli?*)ofc. 

mzmtfzmi ommmn, t>^? y-v 7b-^ktf 

[0 10 5] «T, 0S9te«SrH»c 
o^^TtftBJ•r6o 02 1, 02 2J4, »10*Jg^JICJ; 

t*JV^T3 1»S«, 3 2(4^81, 3 3i4TFTC0y 
— K 3 4liTFT©y-7 1 35liTFT©KW 
so y, 4 6I40HS, 5 lli^fe^-^^sKy v-y ny^r 
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[0106] I2i(t ^fctfyiyy^vs i?rJ9< 

^n^ N y ^^<^mtms 3*mm\.v^y 
(dt% oi-iscj:oTTFT«^n^ z<D#mm 

it b 7>'i?x?<D3-ir*/i>&m<J&ht LT^o < 0 
[0 10 7] 02 3(1 »jftOK«lJtV4 ooty^ h 

ffcflt«rl 0 0 0 0^-^^^ hn-AitabT8 2 O^T* 

mtV^y b]) 7n-i$|H©|B««:*i-|a-e*)So 

o«iitw*<o|g* % i «F«l£Jirt<o«FiHii«-ett, #!)^> 

o# y > y =3 < ± 5 %BlTt 

&5C:*aTOa>»&ftT^5o I23tc£6<^ 60# 
(7)8 2 0°«x^hy7P-iaoT, Ki?4 ooty 

hn-A^y *>y xe^^i 5 o*>?x fp- 

[0 1 0 81 02 211 8 2 0t60^«)x^hy7 

^y ->y 3>5 l^SMSfk^ixTsKy ->y 3> 

^TFTo^Ky *>y pys 2<PHffti:£)i 5 o^:/^* 
hu-Atiotv^.. r^#aTf4JBIB»fcJII«r«[to 

O/K*^ a SfcTFT^JCtttlfc-t-a-i TFT 

y ^n-tcj;^7Ky ->y av^iMbo^^Nffirtfcjatt 
»K#y *>y =1 m*-ii3 5 o^>->/^ hp- 

p-A) TFT^7S«*$fe|:/|N 

[0109] r>^2/ h y :?n— i^ctsSKtii tfy^y 
ttjRy ->y 3>flti : t>«:*>ssftltti:Lr<tb5o ft^I 

TFT<DWrffimX*foV) % 0 2 5(1111 2 4 OA- A' 

ttSBrEia-efcSo jKy i^y 3^5 9(^±^jBPa^bi» 

[0110] 126(1 S«±KHMMt3 2£^/&U 

y-hii3 3«u y-hjte^K6 0t^-r^ 

»KuKy 5/y 3^5 9«r««Lfcxa«r*i-Ht?aS)6o 
d^ST-fl Se*i:l^i:t?*>5o 



(11) 

[0111] ftlCLPCVDfeiaot, i^SM3 
6«r*tt«1-5 (127) 0 

[0112] fti:fi<of+^/^-y«cu^ 

1 Sr¥*«WRa«-e»fifc'rs (128) 0 
[0 113] &fC0L^>^j£KJ;oT, Jffffl^<tffil3 
6 £#y ->y 3^5 9&s<?->fc-tZ> (12 2 9) fcfcf 
u ^*/u£«/&i-6#y v-y 3^5 9*S«<Dy :7n 

t*ye/y^y5 9&/^-yftiT^<tt), y^n 
10 -i*£Jimtt{UR3 6^^-yi:[^i:j:5Wy *>y 

[01 14] Rcyy^#pysr^fc^y ^vgHfcJSI 

5 3£CVDffi-CifffiU **S«4 6 S:^A/«#HftT? 
y j»«.aSr*L-C, *>y = ^Hfb«5 3 £¥«ffc; 
-T5 (130) o 
[0 115] ^(C^^X-rCVDifeT^^X-rafbJR 

4 4 sritsrrs (13D D 

[0 1 1 6] 13 OiCfe^T, Jiffl^tlR3 6^BK 

*v>fcft^^^v-if5^2Ky ->y =*^5 

20 KfkSttT^LlBSsftS, 0. 0 1-0. 

fc^-r^/MSO. 5-0. 1 0 //mf-Jt^Sir+^/h 

^^GOv-^ (4 5 0^8*) m^l. 0 M m 
K±lt*i-5fc«), intftl3 6#«)ott>B2 8l: 
TjrTJ; 5 l-^^A^^/tf y v-y 3^5 9<E>{B!)E;fl>bt£ 
ftt5wiiaOHaft<ft*/i«©jR3^j3y5 

[0 117] t^oT, r^*«fefc±Jxtf. ilitO* 

^o^y v-y ^z/^^<D%u1&*mtfz>- tta<. V^-y 
30 h y ^n— tcts^-^^/uSB^^y s/y 3^5 9co^ft 

[0 118] 

sy^yy^y K*»*-r«fc»<z>w««: h7^ 

[0 119] »**2^IB«Lfc*W^^»*Sg|B(0« 
[0 12 0] »**3^IE*Lfc*W^***B^J: 



tt&IW- 5-1 29333 



21 

[0 12 1] «#«4fCiE«Lfc3g9](Z>¥¥#£fi<D$i 

[0 12 2] W*qi5^e«Lfc*W©¥*fr8]IfcJ: 
tuff, t t>^©-tow-7^4->y3yntl 

[0 12 3] B#«6fclB*Lfc*W©#WM6B0>§t 
y 3^^(75-^5riiLT«x.«^>-^y K 
[0124] if#Jf 7 (^£« Lfcl&WOiNifciSBfc J: 

•V*^gBKttA-t--5ro£-|»#\ 7K*-r^-v^<75^>^y 
[0 12 5] W*£8££&L£«Hro¥i»#3&BroS 

(nm&mm-f z is tAicsii ufc* 2 angstrom- 5 

[0 12 6] ft*«9{cfE*Lfc3Si3l0^fls:&fifc:«fc 
«S:flB*.T«^$n-C*5 0, IJMB«*J:9 h7V^^ 

[0 12 7] »*Sl 0 75Mfi*^l 2KfE«Lfcfg0J 



(12) 

22 

\zis» =t^bKSr^-r5XeiSr«x.T*3«J, *V 
^y K 3 fete: h 7 y^^©ft^ 

/w«fc**SrJ»Ai-Sri:iS-C*» h 5 *©4$tt 

[0 12 8] 3fc:aB«Ufc*W0>i|*3M**BK 

«tn«, ->y ayifti©/^- h7>^?of 
i ttc, ~>y 3>aE<k«fc«t?ii-cv^ 

[0 12 9] 4fce*Lfc*W<OiMH*§Sfi© 

^^w-SBt-^v^y ^tfV KSr, H*te$*Sfc«xo« 
20 [0130] ffisftJl 1 5 {CfS« Lfc$£9]<Z>¥*fci£B<0 

m<Dmz\c-tz>T.m.tzffiz.xi=<9^ &&m£k*mt*m 

i£>Y*m&1rZ1t)b<r>toW*&mzm.X-rZ>Z.bftX' 

[lasofKUifcfftim 

so IO^©Ilii«llCi5SRAM(0^*!) 

nftZTfrrmmmx-hZo 

■t/i'O-nft&Tfrrmmmx'&Zc 

r AMioy* y ±/is<D— $m&7F:-r®iffimx*hz 0 
[§4i r«)»w©*4ii*«»c«t4#aE«*nfcs 
RAM©^*!)t/KD- Mft&7F-t-mmmx'h?> Q 

[15] ffiJfSWSRAMW^^-y-feyK^— SB^^1-»f 

40 [06] (7^s/ h y 7v-&m^£^m&<r>¥m#mm 
<nmm b 9 ?mm<ommmxtbz><, 

[0 7] ^iyFy7n-!:ffl^fc«»ilii(i:|i(0 

h 7>i?x?mm<DWxffimx$>z> 0 

XS^r^LfcWfffiia-CfcSo 

[0 9] r©»W©*5**«fc£3¥W#S«©Mj6 
XSSr^Lfc»rffil2lT-feSc 

[110] r©*W©»5H16ffi|l!:J;Si|£3ffl:S6]S©» 
so [0i i] r©*W©*5**«9^i5i|t*«:S6B«)§( 



5-1 29333 



(13) 



23 

[mi 2] z<D&w<om5mMw\z.&z¥mftmm.<D& 
[iii3] -<nmw<Dmsnmmk~i.%*mfcmw.v>'& 

itXJi£^ LfcWilH-efo-5, 

[HI 4] r<O^B^<75^5 3lffi^^J;?>^^ttCDi!} 
i£Xf££^ LfcWffiHT*fc£ 0 

[Hi 5] rro^BJ<7)m5*JS«sj(ci2)^ft:^eroj!j 

[Hi 6] :roif©!6 ^ttlia s^f 

i&XfS.£^ L/c®fi5llir-fo5o 

[mi 7] ^<n&w<Dm6mmmc£Z¥m&mw.<nW: 
[Hi 8] z<omw(nm7mMMicz.z>¥m&mm<Dm 

[Hi 9] rco^B^com8^Jgfi»licJ:5^«:$|g(DS 
itxaoWBHT-fe^o 

ii2o] z<n%w(nm9mi&miz.£z>¥mfcmwL<n®: 

IH2 1] znmwnmi onm&ncxz^m&mmn 
mmTMcomwrnx-hZo 

[122] rro^BJw^i 0*Jfe{?i|(cJ;-5^^ttro 

mmTM<vmmmx'hz>, 

[123] r^^B^idfctt?,, #y ^>y ^vcQBUft £ 

h y 7D- f$P H 1ro|l!#£^-rH-t 1 &3o 
[H2 4] rro^Bjcoaii l^SlMfrioJtS^Khy^ 
^x^wspESHr-fo-S, 

[125] H2 4C0A-A' (C*3(t^WffiHT*fe-5 0 

[126] z\<D%w<D%ii lmmmz&ttzmmxWin 

WiSHT-fcSo 

[127] r w^ikw^i iHtfeM{-*3(t5§aigxSro 
©fiSH-efcSo 

[128] rto^Pjw^i i Hig{?ij^*3(t5K5txeco 
WiBHr'feS. 

[129] :©f^J)|l l*lg^J(C*3tt2)JS5fiXSO 
WjEHr-feSo 

[130] rc0^W(O3ll l*JS^J(Cfcft5»itX^(D 

WiSHr*fe5„ 



24 

[131] rw^BJeO^l It 
SrKHT-ifeSo 
[^■^•roiftB^] 



c&tf5§!!3iX*I<7> 



1 

2 y- h«« 

2 a f- 

3 y-* • KW>ai« 

4 ^-y^a-SB 

5 y-h^t^ 

6 ygfcflg 

7 , 14 mmmtm 

8, 10, 18 

9, 11, 13 &g/7^ 

12 mimr^imm 

15 |2I7/V^^K 
17 m2fBTA'S.gim 

3 1 a& 

3 2 BfcjR 

33 y- h 

3 4 y — X 

3 5 K^V 

3 6 fimgfcSt 

3 7 = h*— 

3 9 $Hfcfl* 

4 1 f-Z^-TJ K 
4 2 f^yx'T^y?? 
4 3 T/W$iE^ 

4 4 y°7X-7^{b^ 

4 5 -Y*y£&fll 

4 8 /f Pal^il 

5 0 *^»j£m»ss 

51 /tfy->y=> 

52 *y->!)a> 

55 Nm^mm^<^A^ntzmm 

5 6 pi^»^#< aA^^cffl^ 
59 # y -> y = v 

6 0 y- hjfestsi 



[18] 



[19] 




37 









ii — ilU 













^^§¥5-129333 



(14) 



mi] 




1 : m&&i' t )ziy&m 

2 : ^-h«t£ 
2a: y-h«« 

5 : y-h»-ft* 

6 : ^J3>affcH 

7 : fswm+cm 

8 : * - » 



[0 3 1 




11,13: SH:^^ 

12: SB IJS^l^Ktt 
U: fBMBtfbflt 

15: S&2JB7JU5<K»yK 
16: ^^yLwa-ftR 
18: — * — 



[B2] 




17: J&2/f7>u3-R& 
18: 



HI ¥5-1 29333 




39 



[mil] 

38a 38b 




ft HI ¥5-1 29333 



(16) 



[Hi 3 J 



[Hi 4] 









[Hi 5] 


^ 





[Hi 6] 



49— r 



7 



36 / 



2-/ ; ZZI 



33 35 



JL 



[121 7] 



[IHl 8] 




///y //////// 



55- 




57- ^ r~T~i P I 



56' 



34 33 35 



(2a 



$$dfl¥5-129333 



(17) 



[B19] 



[02 01 




n IB ¥5-1 29333 



(18) 



[02 7] [02 8] 




[ffifflB] W-^,4^-9M 2 4 9 
0 0 8 2 

[WuE^jfe] S£H 

[00821 016(4, !)iyHJ7B-|:J:oTi5 

4©Jpafl;*«l»TL, ->y ^&A4 9 lt^s**** 
*-*-H-e*>«. ->y=vaiA(4. nnxuBts 6tp<o-> 



*i-^ic(4 x 2 0 0 k e VlSroi*^^-t?aAt5. 
&Afite, 1 0 Vcm2 W±Jd|83t-t-5 0 i©->y=> 

[ffl2E#ftSB«] 0 3 
[«iE*j£] 

[*jErt«] 

[03] 



5-1 29333 




12.13: &&?T>cr 
18: ^i*-*-^ 



[^iE3] 


3 4 


y— ^ 




3 5 






3 6 






3 7 




[*liErt*] 


3 9 






4 1 




i l^yy^ySS 


4 2 




2 


4 3 




2 a 


4 4 




3 y— * • Kv^fyft 


4 5 






4 6 




5 hmitm 


4 8 


mmmtm 




5 0 




7,14 nmiMuji 


5 1 




8, 10, 18 * — ;\« 


5 2 




9, 11, 13 ^JR^7^ 


5 3 




i 2 Siar/^EH 


5 4 




1 5 m2mT/l'*s<y K 


5 5 




i 7 fg2jf r/i^gais 


5 6 


p ^ < aA * 


3 1 £« 


5 9 


^yi/y^y 


3 2 M<m 


6 0 




3 3 ^-hfflS 







(51) Int. CI. 5 

H0 1L 29/788 
29/792 



9056-4M 



F I 

H 0 1 L 29/78 



3 11 N 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
tfpADED TEXT OR DRAWING 
d^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

rY SCALE DOCUMENTS 
:S OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



